A new virus disease occurred in tomato in Shizuoka and Aichi prefectures. The virus from Shizuoka was transmitted by Bemisia tabaci of B biotype, but not by sap. Its narrow host range was restricted to five species from two families. Geminate particles were observed in partially purified virus preparation from infected leaves of Datura stramonium. Specific DNA bands were detected from infected plants by polymerase chain reaction using two sets of primers designed for DNA A component of geminiviruses.
INTRODUCTION
Geminiviruses have one or two circular single-strand DNA molecules as genomes, encapsidated in geminate particles. They are classified into three genera based on their vector relationship, host range and genome organi-zation5). Members of the genus subgroup III Geminivirus of the family Geminiviridae are transmitted by the whitefly Bemisia tabaci Genn. and infect dicotyledonous plants. Whitefly-transmitted geminiviruses (WTGs) are not easy to identify, because the virus particles are not easy to observe, many are not sap-transmissible, and virus-specific antisera are not available13, 28, 34) . Recently, attempts were made to classify geminiviruses based on nucleotide and protein sequence comparisons14, 25) . As the complete nucleotide sequences of many geminiviruses have been determined, virus identification based on DNA sequencing of viral genomes appears to be the most useful and reliable.
Tomato yellow leaf curl virus (TYLCV) belongs to subgroup III and has a monopartite or bipartite genome1, 10, 16, 20, 29) . TYLCV was first reported in Israel7) and is now in the Mediterranean Basin, Africa, the Far East and the Caribbean16, 19, 21, 27, 29) The nucleotide sequences of several TYLCV isolates have been determined.
In Japan, tobacco leaf curl virus (TLCV), transmitted by the whitefly B. tabaci, occurred in tomato (Lycopersicon esculentum Mill.) in 197223, 24) . TLCV disease has been observed in tomato fields since then. In 1996, a geminivirus-like disease occurred in tomato grown in greenhouses in Shizuoka and Aichi prefectures.
The disease rapidly spread and brought considerable amount of crop loss to growers. B. tabaci of B biotype (also known as the silverleaf whitefly, B. argentifolii Bellows & Perring3)) was introduced into Japan in 199018) and has become an important pest of tomato. It can transmit WTGs2) including TYLCV. In this paper, we first report the occurrence of TYLCV in tomato in Japan, as a result of virus identification by whitefly transmission, particle morphology, symptomatology, host range, se- 
RESULTS

Symptoms
The symptoms of infected tomato plants in a total of 20 greenhouses were surveyed in Shizuoka and Aichi prefectures in 1996. The symptoms of infected tomato observed in Shizuoka were quite similar to those in Aichi. Typically, leaves yellowed from the margin of the leaf inward. New leaves became smaller and curled. The upper parts of infected plants, where symptoms originated, were stunted ( Fig. 1 ). Young tomato plants were seriously affected by virus infection. Various tomato cultivars examined in the field survey showed similar yellow leaf curl symptoms. However, although many infected cultivars had very poor fruit set, some cultivars infected at a later stage kept on producing fruits.
Whitefly develop symptoms 13 days after inoculation. The symptoms were almost the same as those observed in the greenhouses. The inoculum, the whitefly-transmitted and healthy tomato plants were tested by PCR to determine the presence of geminivirus. A-1 primers designed for DNA A successfully amplified the virus-specific DNA fragment of 1.3kbp from both inoculum and whitefly-transmitted tomato plants, but not from healthy tomato plants (Fig. 2) . From these results, the virus was considered to be a geminivirus transmitted by B. tabaci of the B biotype. However, B primers for DNA B failed to amplify the expected DNA fragment from infected tomato plants (data not shown).
Mechanical transmission tests None of D. stramonium or tomato plants inoculated by sap showed any symptoms for 35 days after inoculation. Addition of the reagents did not result in mechanical transmission in any case. Furthermore, no specific band was detected by PCR using A-1 primers from test plants. From these results, the virus is not considered to be sap-transmissible or to be mechanically transmissible without difficulty.
Host range Thirty-two plant species were inoculated by viruliferous whiteflies. The results of symptom observation and PCR detection are summarized in Table 1 . Only five species belonging to two families were infected with the virus. They started developing symptoms 12-22 days after inoculation. A virus-specific DNA fragment of 1.3 kbp was amplified by PCR from samples of all the species developing symptoms, but not from those of healthy plants. Other species did not show any symp- toms or give specific bands. From these results, Gemini-S is considered to have a very narrow host range. Field-collected weeds and crops were tested for geminivirus infection with PCR using A-1 or A-2 primers. Results are shown in Table 2 . Virus-specific DNA fragments were detected from tomato with both A-1 and A-2 primers. Only from honeysuckle (Lonicera japonica) were virus-specific DNA fragments amplified by PCR with A-2 primers, though not with A-1 primers. Restric-tion fragment length polymorphism (RFLP) analysis of the 2.7kbp DNA fragments from honeysuckle and tomato showed different patterns, suggesting that another geminivirus occurred in honeysuckle (data not shown). That honeysuckle was immune to Gemini-S, obtained from the host range test, further supports this conclusion.
Electron microscopy Geminivirus-like paired particles were observed in the Table 1 . Host range of a geminivirus from Shizuoka (Gemini-S)a) a) Gemini-S was transmitted with whiteflies using 2 days of acquisition access. b) NS, no symptoms; LC, leaf curling; Mo, mottle or mosaic.
c) The presence of virus was confirmed by PCR using A-1 primers. b) The following sequences were used in comparisons. TYLCV-Is-M: a mild isolate from Israel1). TYLCV-Is: a severe isolate from Israel20). TYLCV-S: an isolate from Sardinia16). TYLCV-Sic:
an isolate from Sicily10).
TYLCV-Mur:
an isolate from Murcian21). TYLCV-Tha:
an isolate from Thailand29).
ToLCV-Aus: an isolate from Australia12). ToLCV-Ind:
an isolate from India26). c) Gemini-S and -A: geminiviruses from Shizuoka and Aichi. A was 2787 nucleotides. The genome sizes of Gemini-S and Gemini-A were similar to those of other WTGs10, 12, 20, 26) Comparisons with reported complete nucleotide sequences of WTGs showed that Gemini-S and Gemini-A had homologies over 93% with two TYLCV isolates from Israel1,20) (Table 3 ). Both Gemini-S and Gemini-A shared 98% nucleotide sequence identities with a mild isolate of TYLCV from Israel (TYLCV-Is-M).
Nucleotide sequence analysis of the DNA A components of Gemini-S and Gemini-A showed two open reading frames (ORFs V1 and V2) in the virion strand and four ORFs (C1 to C4) in the complementary strand ( Fig.  5 ). By analogy with other WTGs, ORF V2 encodes coat protein, ORFs C1 and C3 encode proteins involved in virus replication, ORFs C2 and C4 encode proteins involved in virus movement in plants15,17) The genomic organization of Gemini-S and Gemini-A was the same as that reported for TYLCV1, 16, 20, 29) . Gemini-S and Gemini-A had 98-99% nucleotide sequence identities in all ORFs with TYLCV-Is-M (Table 4 ). Though Gemini-S and Gemini-A shared somewhat lower sequence similarities with TYLCV-Is-M in the IR, the identities were still over 90%. The amino acid sequence similarity between the six ORFs of TYLCV-Is-M and the equivalent ORFs of both Gemini-S and Gemini-A ranged from 95 to 99% (Table 4 ).
DISCUSSION
The virus isolated from tomato showing yellow leaf curl symptoms in Shizuoka (Gemini-S) was transmitted by the whitefly B. tabaci of B biotype and had geminate particles. The symptoms of field-infected and whiteflytransmitted tomato plants were similar to those report-ed for geminiviruses7,23). Furthermore, from infected plants, geminivirus-specific DNA fragment was detected by PCR, and virus coat protein was detected in the western blot analysis using the antiserum to TYLCV. From these results, Gemini-S is concluded to be a geminivirus.
The amino acid sequence similarity between the ORFs of different TYLCV isolates was reported to be relatively low1). However, Gemini-S possesses extremely high nucleotide and amino acid sequence similarity with TYLCV-Is-M in all six ORFs. Even in the IR that is less conserved than other regions25), Gemini-S still shares 93% nucleotide sequence identity with TYLCV-Is-M. Based upon sequence comparisons between geminiviruses, Padidam et al.25) proposed that any new virus isolate having more than 90% sequence identity to a previously characterized virus should be called a strain of the already described virus species. According to this proposal, we conclude that Gemini-S is a strain of TYLCV and is very closely related to TYLCV-Is-M. Gemini-S is considered to be monopartite on account of its high sequence similarity with monopartite TYLCV-Is-M and the failure to detect a PCR fragment specific to the DNA B component. Gemini-A is also a strain of TYLCV, judging from its high sequence similarity with TYLCV-Is-M.
Gemini-S clearly has a very narrow host range from the result of the host range study. However, three plant species, Phaseolus vulgaris, Eustoma ruselianum and Sonchus oleraceus, reported to be the hosts of TYLCV6, 8, 9) , were not infected by Gemini-S in our study. In some plant species, host substances contaminated in DNA extracts inhibit the PCR reaction31). As PCR, instead of transmission with whiteflies, was used to detect Gemini-S, the possibility that some symptomless plants were infected with Gemini-S cannot be excluded. Although there is a low possibility that weeds or other crops serve as virus reservoirs, TYLCV has occurred in tomato for two years in Shizuoka, because of the consecutive years of tomato cultivation. In this case, tomato cultivars that keep on producing fruits after virus infection might play an important role in virus transmission.
TLCV was reported in tomato in Japan23,24) The symptoms of TLCV-infected tomato can hardly be differentiated from that of Gemini-S. Moreover, the host ranges of both geminiviruses are narrow and similar24). Thus, TLCV cannot be differentiated from TYLCV solely by symptomatology and host range. However, Sharma et al. showed that TLCV was distinct from TYLCV by comparative sequence analysis of the IR and the ORF Cl33). Therefore, this report is the first on the occurrence of TYLCV in tomato in Japan.
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